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INTRODUCTION

Lt the request of the Army Alr Forces, Materlel
Command, the XACA 15 ss<isting in the develooment of
a type GB-5 controllable glide borb equipred with a
“target-seeking" device. In orcder to measure the
stabllity and control characteristica of the bomb in
its original cordition and with various modifications
a 1/5-sca1e mndel hars been tested on the six-component
balance In the free-flizht tuannel. The tests included
the develepment of sultahle mears for altering the
effectlve dlhedral snd the directional stubility by
simple gtruecturel modificetiona, the development of a
device capahlns of alterins the lift-drag ratio of the
bomb without chensing the ancle of attaclk, and the
measuremcnt oI the rolling- and yawing-moment charac-
terlsastics of the alleron=s. The results of these teats
are presented herein.

Force tests were made for i2 different vertical-
tall conflgurations end the effect of six different
sets of wilrg-tip end plates upon the effective dihedral
characterlstlice of the mocdel was studied. The influence
of two sets »f spollers, two sets of double-spllt
rudders, one set of double-split flaps, and five sets
of split flaps upon the lift-drag characteristics of
the model was investigated and the characteristics of
the beveled-nose, plain-flap-type allerons were obtalned.
Most of the tests were made at an angle of attack of 8
which corresponded to the launching eangle of the full-
scale bowb,
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APPARATUS AND METHODS

Wind tunnel.- The tests were made in the free-
flight tunnel, a comnlete descrintion of which 1is given
In reofersnce 1. The free-flight-tunnel balance, upon
vhich the tests were made, s a slx-componant balance
which so rotatss with the model in yaw that all forces
and moments are messured wlth respect to the stabillty
axes. A photograph o7 the 1/5-scale model of the glide
bomb mouvntsd inverted on thls balance is given in flg-
ure l. A more complsote description of thls halance and
1ts operation is given 1n refersnce 2.

fodsl.- The modsl was suroplied by ths Materlel
Compand, Army Alr Forces and was prepared for balance
testing by tre 1Installation of a standard mounting plate
used to attach models to thz talance strut. A three-
view drawing of the model 1s gilvsn in figure 2. Photo-
graphs of the model as it was originally received are
shown iIn figure 3.

Sketches of the wing-tip end plates used 1in the
tests are presented 1n figure 4 and sketches of the
varlous vertlecal talls tested are given in figures 5
and 6. The alleron system tested i1s also shown in
figure 6. Figure 7 shows sketches of the wvarious glide-
path controls investigated ln the tests.

Test condlitlions.~ All of the force tests were run
at a dynamlc pressure of 4,09 pounds per square foot
whilch corresponds to an alrspesd of about 40 miles per
hour at standard sea-leével condltions and to a test
Reynolds number of 204,000 based on the mean chord of
0.55 foot. The moments and forces measured on the




balance were transferred to the center-of-gravity loca-
tign below the 25-percent chord line at a distance
6-percent chord above the center line of the bomb.

TEST PROCEDURE

The test program was so lald out that all of the
stabllity changes could be obtained by simple structural
modification of ths glide bomb. Thls limitation was
deemed necessary in order to permlt full use to be made
of full-scale bomb units already manufactured. A
preliminary analysis of the stabllity requirements for
a controlled gllide bomb indicated ths desirabllity of
being able to obteln a range of values of the effective-
dlhedral parameter Cj3; , and the directlonal-stabllity

parameter an from the values for the bomb as ori-

glnally recelved down to zero. The test program was
lald out, therefore, in such a manner that any desired
values of these stabillity parameters could be obtalned
by a selection of the proper end plates and vertical
tall slze. & speclal effort was made to find a combina-
tion of surfaces that would yleld a valus of CZW of

0.00030 and an of -0.00018 hecause calculatlions hzd

Indicated that thils combination of derivatives might
vleld good flight characteristics with a rudder control.

The directional stablllty of the bomb was reduced
by two differant methods. One was the reductlon of arsea
on the existing tall bcoms and was accomnlishsd simoply
by removing one of the talls or by removing portlons
from the top and bottom of the talls, keeplng the chord
constant, as showvn in flgure 5, to form tails 1 to 1l.
Ths second method was the addition of tall area on
forward booms to form tall 12 on figure 6. This arrangse-
ment was tested because it would result in greater
damping in yaw.

For each vertlcal~tall and snd-plate arrangement,
the rolling moment, yawing moment, end lateral force
dus to yaw were determlned.

The rolling and yawing moments produced by the
allerons were measured for the right aileron alone



deflected up and down various amounta. The moments for
simultaneous deflection of hoth ailerons may be obtalned
by summation of the monents for ‘the up end the down
deflectlons.

The goal of the glide-path dontrol tests was to
develop a device which would change the I/D ratio from
7 to O without altering a given angle of attack or
elevator setting, A further proviso was that it should
be posslble for some setting of thls device to obtain a

1ift coefficient of 0.64, a condiltlon correspondling to
the most suitable launching specd of the bomb. Although

1t was obvlous that only lift-decreasing devices could
reduce the L/D ratio to zero, tests were mede of
severul devices operating wholly on drag-Ilncreasing
princinrles In tho hope that their slimollicity of overation
would offset thelr inabllity to produce an L/D ratio of
AN of o I

RESULTS &sND DISCUSSION
Effect of ©End Plates on Dihedral Parameter

The use of vertical snd-rlate area Lutted to the
onds of the wings as shown in flgure 4 was found to be
an effsctlive uand simpls nmeans of altering the dilhoedral
parameter CLW' The effect of end plates 1, &, 4,

and 5, which extended wholly below the lcwsar surface

or the wlng upon the static lateral-stabllity charac-
teristics, 13 showm in fizure & and the varlatlons

of CZW wlth vertical end-nlate area are summarlged

In figure 9. Those data inAicate that the effective-
dihedral parameter sz was reduced almost directly

proportionally to the amount of vertlcal area added
below the wing at the wing tip. The actlon of the
vertical end plates in reducing the effective dlhedral
must bs entirely ascrlibed to the restrictions impossd
by these areas upon the cross-flow conditions around
the wing tips. This was Indicated by calculations which
showed that the rolling-momsnt contribution of the end
plates as 1solated aerodynamlc surfaces was not only
very small but was such as to incrsase the effectlve
dlhedral because the resultant center of pressure of
the aerodynamic loads on the end plates tested 1s above
the center of gravity.




The action of the upper-surface end plates 2 upon
the effective-dihedral parameter Czw 1s shown in

figure 10. These data Indicate that adding end-plate
area above the surface of the wing acts oppositely to
adding area below the wing and consequently increased CLW'

The large reductlon of Czw Initially caused by lower-

surface end plates 1 was almost completely nullified by
the addition of the smaller end-plate surfaces 2.

Effect of Vertlical-Tall Arrangement
Upon Directional Stability

The effect of the twin-tall deslgns 1 through 4
upon the lateral-stabllity characteristics of the model
at 8° angle of attaci are shown in figure 1l. The
results of the tests conducted with the asymmetrically
located single-vertical tall designs 5 through 8 are
presented in figure 12. Although the lateral-force
end yawing-moment data presented in figures 11 and 12
are consistent, the rolling-moment data of these flg-
ures are erratlc and do not agree with the corresponding
data of the no-end-plate run of figure 8 which were
obtained at 6° angle of attack. The rolling-moment
data of figures 11 and 12 were believed srratic because
of premature wing stalling caused by tha low scale of
the tests; therefore, the remaining directional-
stabillity tests were conducted chlefly at an angle of
attack of 6°. The results of flgure 12 also indicated
that the sinrle-tall deslgns caused unsymmetrlcal yawing-
moment characteristics with yaw and, hence, would cause
unsatisfactory flight behavlor. Thls point 1s illustrated
In flgure 13 1n which are presented yawlng-moment data
for twin talle and for talls located on the left or
right of the stablllzer.

The results of figures 11 and 12 are summarilzed in
figure 14 1n which is shown the variation of the
directlonal-stabillity parameter, an with vertical-

tail area aft of the center of gravity. These data

indicated that a twin-tall design of three-eilghths the
area of tall 1 would probably create the desired value
of an of -0,00018, The results of tests made with



a vertical tall of this size {tail 11) and with lower
ond plates 6 are shown in flgure 15. These snd plates
were s9lected on the basis of ths results - presented . in
filgure 9 which indicated that the end plates of
18.5~percent wing area would provide the deslred value
of Chu of 0.00030. The rasults of figure 15 indicate

that the desired specifications for Cp, and C; were

met at 6% angle of attack with these vertical taills and
and plates 1nstallad.

The varlation of the lateral-stabllity characterlstlcs
with angle of attack of the model sequlpped with ond plates 6
and vertical teils 11 is shown In figure 16. These results
Indicatud that thare was ceasiderable varlatien of Cny,

with an-le of attack and that when the specified valuse
of Cpy, was obtalned at 6° angls of attack,the value

of an was tco large at tha requlred angle of attack

of 8°. It was further indicated that dirsctional insta-
bllity would occur at smallsr angles of uttack and

that, 1f ths vertical-tall arsu was further reducsd to
yleld ths regulrsd dsgree of dlractlional stablllity at 80
angls of attack, ths bomb would thon be dirsctisnally
unstable over most of ths low angle-of-attack range.

It was bslleved that thoe varistion of an with
angle of attack of ths bomb arose Adus to wing charac-
teristles 1lnasmuch as the results of referance 3
Indlicated simllar variations of an wlth angle of

attack for rectangular wings. Additional tasts were
therefore run to check this polnt. For these tests

the characteristics of the model as originally received
(tall 1, no end plates) were investigated over the angle-
of-attack range. The results of these tests ure plottsd
in flgure 17 and are summarizad with the data of filg-
ures 15 and 16 in figure 18. Data for an 1lsolated
rectangular wing, obtalnsd from rofersnce &, are also
shown 1n figure 18 for purposes of comparlson.

The rasults of figure 18 indicate that the 1increase
in dlractlonal stabillity with incrsasad angle of attack

1s Independsnt of tall dusign and, therofora, must be
primarlly a wing characteristic. It appears, tharsfore,
that the dssired devgres of dlrectional stabllity cannot



be achieved at 8° angle of attack without resulting in
dilrectlional instebllity at engles of attack smaller
than 8°. This concluslon was further substantiated by
tests of forward tails 12 acting together with the
original tails 1 - a confipuration shown in ficgure 6.

The static lateral-stabllity characteristics of
the model equlnped with tlies origlnal vertical teils 1
and forward talls 12 are pressnted In flgnre 19. Thoese
data irdicate *that the dlrectlonal statllity of the model .
at 8° angle of mttack was just barsly stable. The results
of flgurs 19 are sumnarizad in rigure 20 and show the
same varlation of dlrectional stability with angle of
attack prevliouslr noted. The data Indicated that the
mcdel with the coupled tail arrangem3nt would he direc-
tionally unstable at asngleu of attacik smaller than 8°

4L1leron Tects

Tre data from tects of the afleron system shown in
flgure € are presantsd 1n ligure Z1 at various angles of
attack for tks right alleron alore deflectsd various
amcunts from 15° up to 15° dowa.

Glide-Patls Control

in order to vrovicde the date nacessary to convert
pltching moments to slevator deflectiors required to
trim at a glven nngle of autacx, tesfs were run of the
model with e¢levator sst at 0%and #10°. The results of
thesv tests are iressnted in flgzure 22.

Spollers.- Tests wers ruvn to determins the effect
of the upper-surfacs spollers shown in ficrure 7, inasmuch
as thls type of devlce both cecreases 11ft and Increases
é¢rag. The results of these tesats are shown In flgurs 23.
These data show that althourh smollars of 3% percent of
the span decreased the L/b ratio at the anrle of attack
corrasronding to Cp = C.64 from 7.0 to 2.9 a further
*ncrease In spoller span oif 22 percent span only decreased
the L/D ratio to 2.5, a valve deemsd vnsatisfactory.
In addition, both 1lnboard and outboard spoilers created
largs diving moimants, particularly inboard spoilers 1,
and consequéntly requlred rather large chanres in elevator
deflection to malntain constant anglse of attack.



Tre large diving moments encountered with spollers 1
“Wera Velieved to be primarily-caused.-by.the influence of
the.decreacged wing downwash upon the tall surfaces
Immedlately behind.

Double=-split ruddsrs.- Figure 24 presents the effect
of double-spllt rudders A (mounted on end plates 4 as
shown In figure 4) on the aerodynamlc characteristics of
the model. The data on fisure 24 were rearranged 1ln
conjunction with the elevator data given in flgure 22
to show the variation of L/D ratio, Cr, and elevator
angle required to trim wlth rudder deflectlon and are
thus presented in figsure 25. These data are given for
the angle of attack 8° at which it was possible to
anproach the snecified value of 1ift coefficlent of 0.64.

Tre deta presented In firures 24 and 25 indlcate
that {hs double-cplit rudder A was inadequate as a glide-
rath control device and wouwld merely alter the L/D ratio
from 7.7 to 4.1 fer full rudder cdeflectlon (¥500). A
further attempt was made to lower the L/D ratlo by uss
of smlit rudders cf greater smwan than rudders A. The
results of tests made with double-snllt rudders B mounted
on eud plate 3 are shown 1n flgures 26 =znd 27, Althourh
™uddars B wera twlce ths swan of rudders A, they reduced
the L/D ratlo onlv a slicht amount further and conse-
qusntly no othar tests wers made utilizing “he double-
8yrlit-rudder type ~f cortrole. It is intsrsstin~ to
nots tlhat hoth ruddera A wd particularly rudders B
Incresased the 117t on the wing - thereby emphaslzing the

critical nature of alr-flow conditions cbout tho wing
tips.

Double-split flaps.- Tests were made of double-split
flaps 4L extsnding over the outboard 42 percsnt of the
winz span as shown in flgure 7. The results of these
tests are plotted similarly to those of ths rudder tests
and ars presented In fijures 22 and 29. The rasults
presanted in flpure 29 show that the double-~split flaps
deflected 60° up £nd down decrsased the L/D ratio frem
7.3 to 2.1. This decreass, although considerable, was
stlll not consldered sufflcient. In addltion, a con-
8lderable change 1n elevator angle was required to trim
at a constant angle of attack.

Lowar-surface split flans.- Filgures 20 and 31 show
the sffect of a lower-suriace split flap 1 of 42-percsnt
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sren located as shown in figure 7. . These data show a
felrly small varlation of L/T ratio with downwardly
deflected flaps. The data from thess tests Iindicated
that the diving momenis causcd by ths [laps on the wiag
were almost wholly nullified on the comrlete model.
Thls action undoubtedly arose owlng to the effects of
the 1ncresassed wirgdownwesh on the pltching riomsats
contributed by the horizontal tall surfacas.

Upper—-surface snlit flaps.- The tests ol lower-
surfaece flapns 1 1ndlcated tgat upper-surface 1'lans would
be reguired to alter the Ly

D ratlio us deslred., It

was &lso indicated from tazse tosts and from the spoller
tests previously discuscsed that the upwash offacts of

the unper-surface flans unon the horlzontal tall could

he amplcyed to nullify ths “neremental win< moments

caussd by flap deflsction. Such conflruraticn would

then 2ltar tha L/D ratlo without changlng the angls

of attacl or elsvator argle. In crder to dztermine the
props1r Tlan arranpemant and location, tests were first

nade of split flaps 2 which are 1identlcal with flap 1

but are mounted on the upner wlng surface over the

inboard 42 jypercent of ths wing s»an. 7Ths results of

these tests are nresunted in figures 32 and ZZ and Indlcate
that flars 2 came very cloze to meeting ell svecifications.
Orly a sllieht smount oi slavator cdjustment was requlred

te trim ind +hz I/D ratio et 3° anple of attack was
reduced from 7.3 to 1,3 for 60° fla- cdeflsztlon.

In order to reducs tra L/D ratio still further,
the s»an of rla: 2 was increassd to S0-percent wing snan
to form flaps 3., Thas results of the tests of flup 3 are
pres:2nted in fltures 34 and 5., although the resvlts
presanted 1. these firvres Inllccted that flep 3 would
satisfactorily reduce the IL/D ratlio to zero as desired,
a large lncrumant of up slevstor was requlsed to trim

out the pliching momsnts caused by flapr deflsction.

It anpearad liisly that the Gilving moments &arlsing
from deflectlion of flan 3 were crusid by downwadi changes
on the horlzontal tail such that ths tsil niom=nts over-
balanced the wing stalllng momsnts cresated ty flop deflec-
tlon. In order to asslst in findlng the spanwise loca-
tion of a flawn, which requlred no change in slevatecr
settings when dsilacted, furthor tests were run in which
flap & was moved to the outboard portioa of the wing.

The results of vest3 made with the flap in thils positlon



(flap 4) are presented in filgures J6 and &7. These
results indlcated that with this arrangement e large
"Increment of down elevator woluld be required to trim-
out the moments due to flap deflectilons.

A study of the results of the tests of flaps 3
and 4 indicated that a 60-percent span flap located
at the center of each wing panel should provide the
desired L/D control without requliring large elavator
changes to maintain a constant angle of attack. The
results of such a flap (flap 5) are presented in
figures 38 and 39 and substantlate this belief. These
data indicate that 1t is possible to secure a reduc-
tion in L/D ratlo with flap § from 7.2 to O with
only 3° elevator-deflection chanre teins required to
malntain ths acesired anyile ol attack (8 ). It appears
that ewven thie slirht chanze of ¢levatnr deflection
could be eliminated by the expedlant of moving flap 5
a sllcht amownt inboard.

CONCLUDIX(G: REMARKS

Forca tects of a 1/5-scale model of a tyne GB=5
contrnllable ¢l11do bomb in the NACA froe-flleht tunnel
Indicatzd the folloving:

1. The effsctive-dihsdrsl characterisitics of ths
mndel were widely wvarled ty the addltlon of wvertical
end plates bubtted to ths wiwg tina, Additlon of end-
nlate arsa below the wing surfacs rseduced the effective
dihedral wheieas area added alove the wing increased the
effective dihadral.

2., Ths model wing characteristics were such as
to cause an increase in dirsectional stabillty with
increased angle of attack. This change in directional
stabllity wilth angle of mttack was independent of
vertical-tall desiyn. Consequently,a moderately large
amount of directlonal stablllity was required at low
speed to avold directlional instability over the high-
speed portion of the speed rangs.
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2. TUpver-surface, upwardly deflected, split flaps

located at the center of each wing panel reduced the 1lift
over drag ratlio from 7.2 tc O wlthout apnreclably changing
the angle of attack (8°).

Langley Memorilal Aeronautical Laboratory,

Natlonal Advisory Committes for Aeronautics,
Langley Fleld, Ve,.,, March 27, 1944.

Marvin Pltkin,
Aeronautlcal Angineer.
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FIGURE LEGENDS

Figure 1.- Photograph of a 3-scale model of the type

GB=5_controllable glide bomb mounted 1nverted on the
free-flight tunnel bdlance 'strut.

Figure 2.~ Three view gketch of the type GB-5 controllable
glide bomb as originally received. All dimensions are
in inches.

Figure 3.- Photographs of %-scale model of type GB-5
controlleble glide bomb.

Flcure 4.- Sketches of vertlcal wing-tip end plates tested
In the free-flight-tunnel investigation of a 5-scale

model of the type GR-& controllable glide bomb.

Flgure &.- Qketches of aft vertical ta’il surfacesn

Installed on a4 %-sca]e model of the type GB-5 control-

lable g#l1lce bomb teasted In the free-flipht tunnel.

Figur$ €.~ “ketch of forward fins and allerons tested on
a £-<cale msdel of the type GB-5 controllable glide
bomb in the free-flight tunnel.

Flrure 7.~ Tketches > glife-patih controls tested in the
free-flight tunrel 1nvestlgation of a %-scale model of
the type (CB-H continllable rlide bonb.

Figure 7.- Continued.

Flgure &£.- Effect of lower-surface wing-tip endplates on
the statlic lateral-stabllity characteristics of

a %—scale model of the type GE~5 controlleble glide
bomb. a = 89; 6 = &p = 6 = 65 = 00,

Flgure 9.~ Fffect of lower-surface wing—thi endplates
upon the dihedral parameter Czw of a #-scale mndel

of the type NB-5 contr>llable glide bﬂmb. a = 67;
56—5r=6a=5f_0-

Figure 10.- Effect of urper-surface endglates upon the
rolling-morent characteristics of g -scale model of

the type GP-5 contro]lable glide bomb. a = 67;
8g = bp = bp = By = 07




FIGURE LFGENDS - Continued

Flgure 1ll.- Effect of vertlcal tall area removed equally
from the twln vertlical tatls of = %—scale model of
the tgpe GR-5 controllable glide borb. 6¢ =bg =0f = 0O;
a = 89,

Flgure 12.- Effect of removing vertical tall erea from
one cf two vertical tails of a %-qcale model ol the

type GE-5 controllable glide porb, a = 87

bg = 6p = bg = Bp = 09; right vertical tall off.
Figure 13.- The Influence of verticel tall loncatlon upon

the yawing-moment characterlstics of a %-scale model

of the tvne JB -5 controllable glide »omb In yaw.
Flpure 14.- Zffeect of reducing vertical tall slze of
a %-ﬂcale model of the type G3-5 conirollable gzlide
tomb. @ = 8%; 8¢ = &p'= 8g = 6~ = 07,
Tlrure 15.- Ststlc laterel-sztabllity characteriatics
of a %—scale mdel 5 the type GB-F controllable glide
bomy Equipped w!th lower-=urface, wing-tip, endplates 6
end verticul tall desipn 1l. a = 675 b6g = &p = Bg
= &8¢ = C°.
Tigure 16.- Li'Tect of angle of sttack on the latersal
gtablllty characteristicas of a %-scale motel of the

type GB=5 controllable gllde bomb equlipped with lower-
surface, wirg-tip endplates 6 and vertical tall

design 11. &g = &, = 6y = &p = 0°.

Flgure 17.- Tffect of ansle o attsack on the rolling and
yawlng moment characteristics in yaw of a g-scale
rmodel of the type 33-5 controllatle glide bomb.
Vertical tall 1; € = 6p = &g = &f = C.

Filgure 18.- Variation »f dlrectional stabllity with angle
of attack of a %-scale model of the twpe GB-5

controllable glide oMb as commared to that of an
1solated rectangular wing.
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FIGURE LEGENDS - Continued

Figure 19.- Effect of angle of attack on lateral-stabllity
-.-characterlistics of a %-scale model of the type GB-5

controllable glide bomb equipped with original vertical

talls 1 and forward talls 12. O6p = Of = be = 6g =

Pigure 20.- Effect of angle of attack upon the directional
stabllity parameter an of a %—scale model of the

type GB=-5 controllable glide bomb.

Fifure 21.- Alleron characteristics of a %-scale model
of the type GB- 5 controllable glide bomb. V = 0°;

Figure Z22.~ Tffect of elevator deflectlon on the aero-
dynémic churacterlstics »f a %—scale model of the
type GB-5 controllsble glide borb. b&p = 8y = bf = 0°;
v = 0°,

Mlruore ZZ2.- Zffect of gnoilers ou the aerodvnemic charac-
teristics of a 4-~cale model of the type (GL-5
controllanle Tlilde bonk. &g = &p = bf = 0°.

Plgure 24{,- Tffezt of double~-srplit rudcers on the aero-
édynaniics characteriaztics ~f & i-scale nodel of thLe

type GE-5 ccneérollable ellcde Horb, Duublﬂ-ﬂplit
ruiders A; endplate 43 6 = 6p = €g = C°

Ml gvre 2F.~ nffezt of deutle-srlis rudder daflectlons on
the cerodynemic cherscteristizs of a #-sconle model of
the type GL-E controllabls glide boabh. Double-spllt
rudders A; &5 = &p = CO; o = 873 endpiste 4.

Mgure LH.- Sflect of dovble-srlit rudders 3 uvpon the
saerodynamic caarectear!stics of e %-soale model of the
type CR-5 controllable glide pomk. bg = dg = Of = 0°;
endplate 3.

Figure 27.- Zffect cf douvble~split rudder deflectlon on
the aerodvuamic charecteristics of a %-euale model of

the type GLB-5 contrnllable glide boﬂb dauble -split
rudders B; endplete Z; 85 = 6 = 0°9; a 8¢




FIGUKE LEGENDS ~ Continued

Figure 28.- Effact of outboard double-spllt flaps A
upon the aerodynemic characteristics of a 4-scale

model of the type GB-5 controllable glide bomb
bf-—o42b, Cf—-uOC'b —Ga=5r=0¢

Flgure 29.- Effect of double-spllt flap deflections on
the aerodynamlic characteristlics of a %-scale model

of the type GB-5 controllable plide bomb. Cutboard
double -split flap A; be = .42b' cp = .202; bg = 6p = 0°
0—8-

Plgure 30.- Tiffect of lower-surface Iinboard fleps 1 upon
the aerodynamic charscteristics of =& %-scale mocel of

the type GRBR-5 controlleble glids borb. be = .42b;
Cr = +30c; bg = 6g = 6p =

Figure 31.- LEffect of flap deflectlon on aerodynamic
Eharacteristics of a %-scale model of the type GB=-5
controllable glide bomb. Lower surface, mld panel,
gplit flap 1; bp = .42b; cp = 20c5 @ = 80- 6g = 6p = 0°.

Figure 32.- Effect of upper-surface lnboard flaps 2
upon the aerodynamic characteristics of a %-sca]e model

of tbe che GB 5 cortrollable glide bomb. by = .42b;

Figure 3Z.,- Lffect of flap deflection on the aerodynamic
charaecterlstice of a %-scale model of the type GB-S

controllable glide bomrb. Upper surface, 1nboard split
flap 2 bf = -46b' Cf = -300, Ga = br = 0 = 80.

Plgure Z4,- Effect of upper-surface inboard flaps 3 upon
the serodynamlc characteristics of = %-scale model of
the type GB-5 controllable glide borb. bf = .60b;
Cf=.300:53=53_=5r=0.

Flgure 25.~ Effect of flap deflection on the aerodynam!c
characteristics of a %-scale model of the type GB-5

controlleble glide bomb. TUpper surface, irboard
split flap 3; bf = .€0b; cp = 30c; Og = 6p = 0;
8°,



T"IGURT, LEGTNDS -~ Concluded

Flgure 36.- Bffect of upper-surface, outboard flaps 4
upon the aerodynamic characiteristics of a %—scale
model of the type GB-5 controllable glide bomb.
bp = .60b; cp = .30c; B = By = 6p = 0O,

Figure 37.- Tffect of flap deflection on the aerodynamic
characteristics of & %-scale model of the type GB-5
controllable glide bomb. TUpper-surface, outboard
:piigoflap 4; bp = .60b; cp = 30c; Og = O = O3

Figure 38.- Effect of upper-surface flaps 5 upon the
aerodynemlc characteristlcs of a %-scale model of the

type GB-5 controllable glide bombt bp = .60b;
Cf = -300; 5e = 5& = 511 = 00.

Flzure 39.- Elfect nf flap deflection on the aerodynamlce

characterlstlics of a %-scale model of the type G3-E

controllable gllide bomb. ™uper surface mld-pasnel
splitoflap 5; bp = 60b; cr = ,30¢c; 86g = Op = O;
a = 8%
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Figure l.- Photograph of a —g——scale model of the type

‘ GB-5 controllable glide bomb mounted inverted on the
! free-flight tunnel balance strut.
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Figure 2.- Three view sketch of the type GB-5 controllable glide bomb as originally
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Figure 3.- Photographs of —E——SCale model of type

GB-5 controllable glide bomb.



Figure 4.- Sketches of vertic?l wing-tip end plates tested in the free-flight-
tunnel investigation of a Y -gcale model of the type GB-5 controllable glide
homb.
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of the type GB-5 controllable glide bomb tested in the free-flight tunnel.
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Figure 6.~ Sketch of forward fins and ailerons tested on a ~— -scale model of the
type GB-5 controllable glide bomb in the free-flight tunnel.




Spoilers 2 ¢ W//)g

Seoier |/ . 20C
P a

A 7\ g -l
Ly —= —
’:/ P /4395—"4-.6/—24 j/

End plare 3
o pr \Ct Endplate 4
|§ -t
|‘\C ¢ Solt rudders A
.30C
/)
‘00

<o/

1 ddersS

Jofe: b=28.8 modk/ rxches
C= 6.6 rnode/ mc/es

-i S \
N 7%
W
Doubtke spitt 7laps A

Figure 7.- Sketches of glide-path controls tested in the free-flight tunnel
investigation of a —%—-scale model of the type GB-5 controllable glide bomb.
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